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Figures  2&4
are    reversed
B OTTOMLAND    hardwoods    are    becoming    in-
creasingly  important  in  the  wood  economy  in  many
parts   of   the   country,   particularly   in   the   Midwest.
Of  the  bottomland  species  cottonwood  is  noted  for
its  rapid growth  and  high yield  as  well  as  having  the
additional  advantage  of  being  able  to  grow  on  farm
lands  unsuitable  £`or  agriculture  due  to  stream  flood-
ing  and  poor  drainage  .
A  recent  survey  conducted  by  the  Forestry  Depart-
ment  at  Iowa  State  College  covered  the  wood  using
industries   in   26   counties   in   southern  Iowa.    It   was
found  that  a  total  of  72  million  bd.  ft.  of  lumber  was
used annually and of this total, cottonwood accounted
for   17  million   bd.  ft.  of  which  97.6  percent  was  cut
from  Iowa  forests.  The  survey  also  showed  that  of  all
the  industries  using  cottonwood,   at  least  85   percent
of  theln  had  difficulties  in  COnneCtiOn  With  Seasoning
and   fabrication.   Many   of   the   problems   associated
with  the  marketing  and  manufacture  o£'  cottonwood
is  related  to  the  presence  o£  excessive  amounts  ot`  tens-
ion  wood.
Tension  wootl  is  a  specialized  tissue  that  grows  on
Figure   I.     Cross   section   of  cottonT\TOOd   Stained   With   Chlorioclicle
of  zinc  showing  gelatinous  fibers.    Note   the  gelatinous  lay'ers  of
the secondary wall.   Magnification  495x.
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Figure  2.    A  cottonwood  board  showing  projecting  fibers  which
are  characteristic of  tension wood.
the   upper   side   of  branches   and   leaning   trunks   of
harclwoods.  It  is  characterized by  the  presence  of gela-
tinous  fibers  which  have  very  thick  gelatinous  inner
layers,  Fig.  I.  I£  a  microtome  section  o±`  tension  wood
is  stained  with  chloriodide  o£`  zinc  the  gelatinous  lay-
ers   swell   and   ot`ten   buckles   filling  most  of   the   cell
lumen.  since  the gelatinous  layer is  almost pure  cellu-
lose  it  stains  a dark  blue  color  using  this reagent.  The
concentration  of  gelatinous  fibcrs  increases  with   the
increase  in  lean  of  the  tree.  They  are  most  abundant
at  I,feast  height  and  confined  almost  entirely  to  the
upper  side  of  the  tree  while  at  increasing  height  the
gelatinous  fibers  are  fewer in number and may also  be
founcl   in   limitecl  number   on   the   lower  side   of   the
trcc.
Lumber   containing   excessive   amounts   of   tension
1,\-OOd  Can  be  recognized  aS  it  comes  ±`rOm  the  headSaW
by  the abuntlance of projecting fibers giving the rough
sawn   board   a  fuzzy,   wooly  appearance,  Fig.   2.    For
solne  reason   not  yet  fully  understood  tension  wood
shrinks more along the grain  than normal wood.  This
results in bowing,  crooking and twisting as  the lumber
Seasons.
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About  three  years  ago  the  Forestry  Department  at
Iowa  State  College  started  an  investigation  of  tension
wood  in  Eastern  cottonwood.2  The  objectives  of`  this
investigation  were:   (I)   to  determine  the  distribution
of  gelatinous  fibers  in  a  leaning  cottonwood  tree  in
relation  to longitudinal shrinkage and specific gravity;
(2)   to  cletermine  the  effect  of  tension  wood  upon  air
seasoning,  kiln  drying  and  machining  of  cottonwood
lumber.
Procedure
The  eastern  cottonwood  tree  selected  £`or  this  study
was  located  in  central  Iowa  and  had  the  following
characteristics:   diarheter  at  breast  height  22.2  inches;
total  height,  95  feet;  age,  42  years  and  a  lean  of  7  de-
grees   34   minutes   from   the   vertical.   The   tree   was
marked  on  the  upper  side  of  the  lean,  felled  and  cut
into  four  logs;  the  lower  three  were  10  foot  logs  and
the  upper one  was  an  8 foot log. A cross-sectional  disk
was  removed  at  each  height.
The  logs  were   immediately  milled   into  one   inch
lumber  in  such  a  manner  as  to  obtain  four  boards
from each o£' the lateral sides and five or six boards de-
pending  on  log  size  from  the  upper  and  lower  sides
of the  lean.  A  one  foot section was removed  from  the
butt  end  of  each  of  the  boarcls  from  the  first  three
logs  and  from  both  the  butt  end  the  top  ends  of  the
boards from the fourth log. From each of these sections
five  1'J x  IJJ-73/4J;  specimens  were  cut  ancl  in  turn  from
each  of  these  lJ' x  1;J-73/4J;  specimens  a  3/4JJ  long  piece
was removed for microscopic study and  the remaining
l''x  I;'-7''   specimen  was   used   for  longitudal   shrink-
age  and  specific  gravity  analysis.  The   l''x  1''-3/4''  Sec-
tions   were   quartered,   the   pieces   boiled   in   distilled
water  until  they sank  and stored  in  70r/o`  ethvl  alcohol
formicrotomc  sectioning,   staining  with  chloridide  o±`
zinc  and  gelatinous  fiber  analysis.  In   the  microscopic
study  only  the  four  outside  boards  on  the  upper  and
lower  sides  of  the  lean  were  used  and  only  one  of  the
quartered   pieces   selected   at   random   was   sectioned
from  each  of  the  1'' x  l''-3/4J'  specimens.  This  made  a
total  of  200  microtome  sections  cut,  stained  and  ana-
lyzed  ±'or gelatinous fibers.
The  lumber from  the  four logs was air seasoned for
nine  months,  dismantled  and  measurements  made  on
each  board  £`or  bowing,  crooking  and  cupping.  Mois-
ture  content  and  casehardening  samples  were  cut  29
inches  from  the  end  of  each  board.  Both  shell  and
core  and  average  moisture  contents  were  determinecl
by  oven-drying.  The  lumber  was  then  taken  to  the
Forest     Products    Laboratory,    Madison,    Wisconsin
where  it  was  kiln  dried  to  8c/t  moisture  content  and
conditioned   to   remove   internal   stresses.   After   kiln
drying  mcasurements  were  again  made  to  determine
the  amount  of  bowing,  crooking,  cupping,  degree  t,f
casehardening  and  average  moisture  content  as  well
as  the  moisture  content  of  both  shell  and  core.
From the seasoned one inch lumber were cut twenty
boards  each 4.5  inches  wide  and  37  inches  long  show-
ing  large  amounts  of  tension  wood  as  indicated  by
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projecting  fibers.  These  pieces  were  free  of  knots  or
excessive   cross   grain.   In   a   similar   manner   twenty
smooth boards were cut representing the normal wood
from  the  under  side  of  the  lean.  These  forty  boards
were   surfaced   to   bring   them   to   uniform   thickness
and  then  machined  after  conditioning  them  at  each
of  three  moisture  contents;  6,   l2  and  l8  percent.  At
each  of  these  lnOiSture  COntentS  the  boards  Were  given
a  1/3±  inch  Sur±`aCe  Cut  On  each  face  using a  Planer with
a  feed  of  14  feet  per  minute,  making  75  knife  cuts
per  inch  and  with  a  cutterhead  speed  of  4200  r.p.m.
In  addition  a  piece  ]^  inch  wide  was  sawn  from  the
edge  of  each  board  at  each  moisture  content  using  a
carbide-tipped  combination  saw  of  high  quality.  Fol-
lowing   each   machining   the   surfaces   of   the   boards
were  evaluated  for  roughness,  chipmarks  and  check-
ing.
ResLtl,tS  and  COnCluSiOnS
The  cross-sectional  disks  cut  at  5  different  heights
in the tree showed no growth eccentricity on the upper
or  tension  wood side  of  the  lean.  Also  contrary  to  the
findings of some other research workers no severe tend-
Figure  3.     Boards   cut   from   the   butt   long   showing   the   three
outside  boards  of  normal  wood  from  the  lower  side  of  the  lean
(lA,  5A  and  9A)   and  those  from  the  upper  side  containing  ten-
sion  wood   (2A,  6A,  and  10A)  .
ency of the boards  to bow away from or pinch the saw
was noticed as  the green logs were milled.  Boards from
the  upper  side  of  the  tree  showccl  areas  of  fuzzy  pro-
jecting  fibers  as  can  be  seen  in  Figure  8.  This  condi-
tion   was   characteristic   of   all   four   logs.   Hardwood
grading rules  do  not  consider  projecting  fibers  result-
ing  from  tension  wood.  Nevertheless  it  appears  that
tension   wood   should  be  considered   a  defect   in   the
grading  of  green  lumber  because  of  its  effect  on  bow-
ing  and  crooking  as  the  lumber  seasons.
Measurements  on  seasoned  lumlJer
Following  air-seasoning  bowing  and  cupping  were
mild  and  no  difference  in  severity was  noted  between
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tension  wood  and  normal  wood.  In  the  air-seasoning
pile  it  was  observed   that  between   the   stickers   lor`al
deviations   were   more   severe   in   some   tension   wood
boards. Tension wood and normal wood both attained
an  air-dried  moisture  content  of  13t7o  after  9  months
of  air-seasoning  and  possessed  not  more  than  a   lt/a
gradient.  Mild  casehardening was  present  to  an  equal
degree  in  both  types  of  wood  while  light  collapse  was
noted  in  some  areas  of  severe  tension  wood.
After  kiln  drying,  bowing  was  significantly  greater
Figure  4.     Projecting fibers  on  the  surface  of  a  cotton`\'ood  board
containing  tension  l\'ood  alld  planed  against  the  grain  at   12  per-
cent    lnoistu`l`e    content.     Comparative    moisture    co,ltent.     Com-
parative  size  is  irldicatetl  by   a  millimeter  scale  along   the  plloto
l\\cal.,g-ill.
I'`igure  5.     Roughness  on  the  surface  of  a  cotton\\'ood  board  con-
taining   tension   T\TOOd   tlnd   Planed   With   the   Cross   gl-dill   at   12%
moisture  content.    Comparative  size  is  indicatc`d  by  a  lnillimeter
scale  along  the  photo  margin.
in  boards  from  the  tension  wood  side  of  the  tree  and
these  boards  showed  especially severe  bowing in  local-
ized  areas.   This   condition  was  most  pronounced   in
boards  from   the  outside  of  the   log.   Dense   areas   of
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projecting  fibers  were  usually  found  on  the  concave
side  of` severe  local  deviations.  However,  there  was  no
difference   in   the   crooking   and   cupping   o£   tension
wood  and  normal  wood.  The  moisture  content  aver-
aged 8.5f/a  for both  types of wood, with practically no
gradient   present.   Casehardening  was   removed   with
equal  ease  from both  tension wood  and normal wood
but   considerably   more   collapse   was   evident   in   the
tension  wood  lumber  following  kiln  drying.
Machining
Following  planing,  projecting  fibers  were  found  to
be  more  prominent  on  tension  wood  boards  than  on
normal wood boards. This occurred on lumber planed
at  6,   l2  and  18  percent  moisture  contents.  No  differ-
enc`e  was  observed  between  the  pith  and  bark  side  of
the  boartls.  When  the  grain  of  tension  wood  lumber
was straight and parallel  to  the surface,  few projecting
fibers  were  notit-ed  after  planing  even  at  the  higher
moisture  contents.  However,  where  the  grain  of  tens-
Figure  6.     r`Tormal  wood  surface  of  a  cottonwood  board  planed
at  l2  percent  moisture  content.   Comparative  size  is  indicated  b}'
a  millimeter  scale  along  the  photo  margin.
ion   wood   became   inclined   due   to   local   deviation,
severe surface roughness was observed. This roughness
increased   with   increase   in   moisture   content   at   the
time   o±`  planing  and   was   most   severe  when   planed
against  the  grain.  See  figures 4,  5  and  6.
Chip  lnarkS  Were  most  Severe  When  the  lumber  was
planed at 6 percent moisture content but there was no
difference  in  the  chip  marking  of  tension  wood  and
normal   wood.   Checking   however   was   much   more
severe  in  tension wood boards  and  it appeared  that  it
was  internal  checking  since  the  checks  widened  with
each  successive  cut.
Areas  of  projecting  fibers  were  much  more  severe
along the  sawn  edges of  tension wood boards  than  on
normal   wood   boards.   The   projecting  fiber  bundles
became  coarser  on  the  most  severe  areas  as  the  mois-
lure  content  increased.
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SIPecific  growity  and  Longitudinal  Shrinkage
Contrary   to   the   finclings   of   some   other   research
workers   specific   gravity   of   tension   wood   specimens
was  lower  than  that  of  normal  wood  specimens  at  all
heights above stump height.  The average specific grav-
ity  for  tension  wood  was  0.376  and  that  for  normal
wood  was  0.38l.  The  difference  was  small  but  never-
theless  significant.  Specific  gravity  increased  from  the
pith  outward  and  from  the  base  of  the  tree   to   the
top.  This  trend  of  increasing  specific  gravity  with  in,
creasing height  is  most  difficult  to  explain.  It  is  some-
what  fallacious  to  colnPare  the  SPeCifiC  gravity  Of  the
fourth  board  in  from  the  bark  at  a  height  o±`  1   foot
with  the  specific  gravity  of  the  fourth  board  in  from
the  bark  at  a  height  of  40  feet.  In  doing  so  two  im-
portant considerations, position in the tree and age are
CIN]Ot]]d)]9YWNIVHSIVNlar`J_'9Nal
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Figure  7.     Amount   of   longitutlinal   shrinkage   from   the   green
tlimension  to  dimensions  at  various  moisture  contents  as  related
to  height  in  a  leaning  cot[on`\'ood  tree.
overlooked.  Had  it been possible  to  classify  these  data
by  age  of  the  wood  in  the  specimen  and  by  position,
there  would  likely  have  been  less  increase  in  specific
gravity  with  height.
Longitudinal   shrinkage   measurements   were   made
at   22,   l2,   8   &   0   percent   moisture   contents.   At   all
heights  and  moisture  contents  longitudinal  shrinkage
was greater on  the  upper side of the  lean  then  on  the
lower  or  normal  wood  side   (Figure  7) .  It  is  also  evi-
dent in Figure 7  that the greatest longitudinal  shrink-
age  for   the  upper  side  occurred  at  the  base  of  the
tree  and  decreased  with  increasing  heights,  while  on
the  lower  side  no  such  relationship  existed.  The  aver-
age longitudinal shrinkage for tension wood was o.348
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Figure  8.     A  solid  group  of  gelatinous  fibers  with  the  gelatinous
layer   in   a   bucklecl   or   folded   state.    Note   that   the   gelatinotls
fibers  occur  tIlrOughOut  the  entire  latewood.
Magniflcation  495x.
percent while  that for normal wood was 0.207 percent.
There   was   less   variation   in   longitudinal   shrinkage
between   boards   at  increased   heights.   On   the   lower
side  o±'  the  lean  boards  nearest  the  pith had  the  great-
est  longitudinal  shrinkage  as  would  norlnally  be  ex-
pected,  however  on  the  upper  side  the  second  board
in from the bark had the greatest average longitudinal
shrinkage ±`or all heights. This was no doubt due to the
heavy  concentration  of  tension  wood  in  the  position
represented  by  the  second board  in from  the  bark.
Mill-OSCOPic   study
A  total  of  200  microtome  sections  were  cut,  stained
and  analyzecl.  The  sections  were  cut  l4  microns  thick
and   stained   with   chloriodide   o£`  zinc.   This   reagent
swells   the  gelatinous  layer  of  gelationous   fibers   and
turns it a deep  purple or allnOSt black color,  while  the
remainder  of  the  fiber  Wall  and  the  Walls  of  normal
wood  fibers  are  not  swelled  and  turn  yellow  in  color.
The  gelatinous   layer  was  so   large   that  in   most   in-
stances  it  completely  occluded  the  lumen  as  seen  in
Figure  8.
Gelatinous  fibers  were  confined  almost  exclusively
to   the  upper  side   o[  the   tree  except  at  the  greater
heights  where  some  gelatinous  fibcrs  were  also  found
on  the  lower  side.  On  the  upper  side  there  seemed  to
be  no  systematic  occurance  of  gelatinous  fibers.  They
occurred  in  solid  groupings,  as  scattered  individuals
or  were  absent  in   the  various  areas  within  any  one
annual  ring  or  in  adjacent  rings.  Normally  they  did
not  occur  in  the  last  few  rows  of  latewood  cells  but
even  in  this  case  there  were  exceptions  as  shown  in
Figure 8 where  the gelatinous flberS occurred  through-
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out   the  ring  except   for   a  row   of  cells   at   the  ring
boundry.  The  thickness  of  the  gelatinous  layer  also
varied from that of a normal fiber to a layer that com-
pletely  occluded  the  cell  lumen.
Longitudinal  shrinkage  was  directly  related  to  the
frequency  of  gelatinous  fibers.  The  greater  the  con-
centration the higher the longitudinal shrinkage.  Con-
sidering the rang of longitudinal Shrinkage for normal
wootl  as  between  0.I  and  0.3  of  one  percent,  this  tree
with  a  lean  o±`  7  degrees  does  not  seem  to  possess  ex-
cessively   high   longitudinal   shrinkage.   Even   though
the  longitudinal  shrinkage  is  greater  ±`or  the  samples
from  the upper side,  the  specimens falling beyond the
normal  range   are   not   great  enough  in  number  or
magnitude   to   be   too   serious   for   many   uses   of   the
lumber.  From  this  evidence  it  appears  that  a  7o  lean
may  represent  a  border-line  tree  from  the  stanclpoint
of  the  seriousness  of  gelatinous  fiber  formation,  and
that whenever possible trees with a greater lean shoultl
be  removed  from  the  stand  in  early  thinnings  or  im-
provement  cuttings.
In  the  production  of  lumber  from  logs  cut  froln
leaning  hardwood  trees  there  are  a  number  of  ways
that   the   tension  wood  problem   can   be   minimized.
For  high  gracle  lumber  production  the  upper  side  o{'
each log might be  marked  and  lumber  sawed  at right
angles   to   the   lean.   This   would   give   high   quality
normal   wood   boards   from   the   lower   Side   and   the
boards   from   the  upper  side  would   contain   a  more
uniform  distribution  of  gelatinous  fibers  resulting  in
more  uniform  longitudinal  shrinkage  and  less  warp-
ing.  If boards  are  cut  parallel  to  the  direction  of  lean
it   seems   logical   to   expect   that   those   boards  would
possess  the  greatest  longitudinal  shrinkage  along  the
edge  representing  the  upper  or  tension  wood  side  of
the lean.  This would result in greater warpage during
seasoning.  The  amount  of  warpage  in  tension  wood
lumber  can  also  be  reduced  by  care£`ul  piling  for  air
seasoning  or  kiln   drying.   Placing  stickers  not  more
than   two   fleet   apart   and   weighting   the   pile   Clown
should  help  a  great  deal.  Since  cottonwood  is  one  of
Jowas  most  promising  trees  it  is  important  that  every
step  possible  be  taken  to  improve  cottonwood  lulnber
quality.
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